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(54) Non-aqueous secondary battery having enhanced discharge capacity retention 



(57) A discharge capacity retention of a non-aque- 
ous secondary battery is enhanced by incorporating into 
Its non-aqueous eiectroiytic solution a small amount of 
a substituted diphenyidisulfide derivative in which each 
of the diphenyl groups has a substituentsuch as alkoxy, 
alkenyloxy, alkyrtyioxy, cycloalkyloxy, aryloxy, acyloxy, 
alkanesulfonyloxy, arylsulfonyloxy aikoxycarbonyloxy, 



aryloxycarbonyloxy, halogen, CF 3 , CCI 3 , orCBr 3 . Pref- 
erably, a small amount of methyl 2-propylcarbonate, 
2-propynyl methanesulfonate, t ,3-propanesultone, divi- 
nylsulfone, 1 ,4-butanediol dimethanesulfonate or cy- 
clohexylbenzene is further incorporated. 
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Description 

FiELDOFTHE INVENTION 

s [0001] The present invention relates to a non-aqueous secondary battery having Improved discharge capacity re- 
tention, and a non-aqueous electrolytic solution which is advantageously employable for the non-aqueous secondary 
battery, 

BACKGROUND OF THE INVENTION 

10 

[0002] At present, a non-aqueous secondary battery such as a lithium ion. secondary battery is generally employed 
as an electric source for driving small electronic devices. The non-aqueous secondary battery comprises a positive 
electrode, a non-aqueous electrolytic solution, and a negative electrode. The non-aqueous lithium ion secondary bat- 
tery preferably comprises a positive electrode of lithium complex oxide such as LiCo0 2 , LiMn 2 0 4 , or LiNi0 2 , a non- 
« aqueous electrolytic solution such as a solution of electrolyte in a carbonate solvent such as ethylene carbonate (EC), 
propylene carbonate (PC), dimethyl carbonate (DMC), diethyl carbonate (DEC), or methyl ethyl carbonate (MEC), and 
a negative electrode of carbonaceous material or lithium metal. 

[0003] The non-aqueous secondary battery preferably has good battery characteristics such as large electric dis- 
charge capacity and high electric discharge retention. However, there are observed certain problems in the known 

20 non-aqueous secondary battery. For instance, in the non-aqueous lithium ion secondary battery using a positive elec- 
trode of LiCo0 2l LiMnjO^ or LiNi0 2 , oxidative decomposition of a portion of the non-aqueous electrolytic solution 
undergoes in the electric charging stage. The decomposition product disturbs electrochemical reaction so that the 
electric discharge capacity decreases. It is considered that the oxidative decomposition is caused in the non-aqueous 
solvent of the non-aqueous electrolytic solution on the interface between the positive electrode and the electrolytic 

25 solution. 

[0004] Moreover, in the non-aqueous lithium ion secondary battery particularly using negative electrode of carbon- 
aceous material of high crystallinity such as natural graphite or artificial (or synthetic) graphite, reductive decomposition 
of the solvent of the non-aqueous electrolyticsolution undergoes on the surface of the negative electrode in the charging 
stage. The reductive decomposition on the negative electrode undergoes after repeated charging-discharging proce- 
30 dures even in the case of using ethylene carbonate (EC) which is a preferably employable solvent of the electrolytic 
solution. 

[0005] Japanese Patent Provisional Publication No. 10-247517 describes incorporation of a phenolic oxidation in- 
hibitor, a phosphite oxidation inhibitor or a sulfide oxidation inhibitor into a non-aqueous electrolytic solution of a sec- 
ondary battery to keep the battery from abnormal exothermic reaction caused in the case of over-charging or formation 
33 of short circuit. 

[0006] Recently, the non-aqueous secondary battery is sometimes employed to work under very severe conditions 
such as that the charge-discharge procedure to reach a work voltage higher than 4.2 V, for instance 4.25 V or 4.3 V, 
is repeated at a high temperature such as 40°C or higher for a long period of time. 

40 SUMMARY OF THE INVENTION 

[0007] It Is an object of the present invention to provide a non-aqueous secondary battery showing improved dis- 
charge capacity retention. 

[0008] It is another object of the invention to provide a non-aqueous secondary battery showing high discharge 
45 capacity retention even when it is used for a long period of time under severe conditions such as a high working voltage 
and a high temperature. 

[0009] It is a further object of the invention to provide a non-aqueous electrolytic solution which is advantageously 
employable for preparing a non-aqueous secondary battery showing satisfactory discharge capacity retention, partic- 
ularly even when it is used to work for a long period of time under severe conditions such as a high working voltage 
50 and a high temperature. 

[0010] The present invention resides in a non-aqueous secondary battery which comprises a positive electrode, a 
negative electrode, a separator, and an electrolytic solution which contains a substituted diphenyldisulfide derivative 
having the following formula (I): 

55 
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wherein each of R 1 and R 2 independently represents an alkoxy group having 1 to 6 carbon atoms, an alkenyloxy group 
having 2 to 6 carbon atoms, an alkynyloxy group having 2 to 6 carbon atoms, a cycloalkyloxy having 3 to 6 carbon 
atoms, an aryloxy group having 6 to 12 carbon atoms, an aralkyloxy group having 7 to 15 carbon atoms, an acyloxy 
group having 2 to 7 carbon atoms, an alkanesulfonyloxy group having 1 to 7 carbon atoms, an arylsulfonylpxy group 
having 6 to 10 carbon atoms, an alkoxycarbonyioxy group having 2 to 7 carbon atoms, an aryloxycarbonyloxy group 
having 7 to 13 carbon. atoms, a halogen atom, CF 3 ,.CCt 3 , orCBr 3 , in an amount of 0.001 to 5 weight % based on the 
amount of the electrolytic solution. 

[0011 j The invention further provides a non-aqueous electrolytic solution containing a substituted diphenyldisulfide 
of the formula (!) in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution. 
[0012] The invention further provides a non-aqueous secondary battery which comprises a positive electrode, a 
negative electrode, a separator, and an electrolytic solution which contains a substituted diphenyldisulfide derivative 
of the formula (I) in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, and an additive 
compound .selected from the group consisting of methyl 2-propy!carbonate, 2-propynyl methanesuffonate, 1,3-pro- 
panesultone, divinyisulfone, and 1,4 -butanedtol dimethanesulfonate, in an amount of 0.01 to 10 weight % based on 
the amount of the electrolytic solution. 

[0013J The invention further provides a non-aqueous electrolytic solution containing a substituted diphenyldisulfide 
derivative of the formula (I) in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, and 
an additive compound selected from the group consisting of methyl 2-propylcarbonate, 2-propynyl methanesuffonate, 
1 ,3-propanesultone, divinyisulfone, and 1 ,4-butanediol dimethanesulfonate, in an amount of 0.01 to 10 weight% based 
on the amount of the electrolytic solution. 

[0014] The invention furthermore provides a non-aqueous secondary battery which comprises a positive electrode, 
a negative electrode, a separator, and an electrolytic solution which contains a substituted diphenyldisulfide derivative 
of the formula (I) in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, and cyclohex- 
ylbenzene in an amount of 0.1 to 5 weight % based on the amount of the electrolytic solution. 
[0015] The invention furthermore provides a non-aqueous electrolytic solution containing a substituted diphenyldi- 
sulfide derivative of the formula (I) in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, 
and cyclohexylbenzene in an amount of 0.1 to 5 weight % based on she amount of the electrolytic solution. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The present invention is described below in more detail. 

[0017] The present invention is characteristic by incorporation of a substituted diphenyldisulfide derivative of the 
formula f,l) into a non-aqueous electrolyticsolution containing electrolyte so that the electric discharge capacity retention 
can be enhanced. Various known materials are employed for constituting the non-aqueous secondary battery of the 
invention. 

[Substituted Diphenyldisulfide Derivative] 

[001 8] The substituted diphenyldisulfide derivative of the invention has the following formula (I): 




[0019] In the formula (I), each of R 1 and R 3 independently represents an alkoxy group having 1 to 6 carbon atoms 
(e.g., methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyloxy, isopropoxy, isobutoxy, or isopentyioxy), an alkenyloxy 
group having 2 to 6 carbon atoms (e.g., vinyloxy, 1-propenyloxy, or allyloxy), an alkynyloxy group having 2 to 6 carbon 
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atoms (e.g.,ethynyloxyor2-propinyloxy). a cycloalkyloxy having 3 to S carbon ate q„ cyclopropyloxy orcyclohex- 
yloxy), an aryloxy group having 6 to 15 carbon atoms (e.g., phenyioxy or p-toly- » aralkyioxy group having 7 to 
15 carbon atoms (e.g., benzyloxy or phenethyloxy), an acyioxy group having I arbon atoms (e.g., acetyloxy, 
propionyloxy, acryloyioxy, orbenzoyloxy), an aikanesulfonyloxy group having 1 toon atoms {e.g., methanesul- 

fonyloxy or ethanesuifonyloxy) , an arylsuifonyioxy group having 6 to 10 carbon (e.g., benzenesuifonyloxy), an 
alkoxycarbonyloxy group having 2 to 7 carbon atoms (e.g., methoxycarbonylo a eihoxycarbonyloxy), an aryloxy- 
carbonyioxy group (e.g., phenoxycarbonyioxy or benzyl-oxycarbonyloxy), a halogen atom (e.g., F, CI, Br, or I), CF 3 , 
CCi 3 , orCBr 3 . 

[0020] The substituents R 1 , R 2 can be attached to any possible positions of the phenyl ring. Preferably, each of R 1 
and R 2 is attached to the phenyl ring in the 4-position. Representative examples of the substituted diphenyldisulfide 
derivatives of the formula (I) include bis(4-methoxyphenyl)disulfide (R 1 = R 2 = methoxy), bis(3-methoxyphenyl)disuIfide 
(R1 = R2 = methoxy), bis{2-methoxyphenyl)disulfide (R 1 = R 2 = methoxy), bis(4-ethoxyphenyl)disu(fide (R 1 = R 2 = 
ethoxy}, bis(4-isopropoxyphenyl)disutfide (R 1 = R 2 = isopropoxy), bis(4-cyclohexyloxyphenyS)disulfide (R 1 = R 2 = cy- 
clohexyloxy), bis(4-allyloxyphenyl)disulftde (R 1 = R 2 = allyloxy), bis[4-(2-propinyloxy)phenyI)disulfide (R 1 = R 2 = 
2-propinyloxy), bis(4-phenoxyphenyl)disulfide (R 1 = R 2 = phenoxy), bis(4-acetoxyphenyl)disulfide {R 1 = R 2 = acetoxy), 
bis(4-benzoyioxyphenyi)disulfide (R 1 = R 2 = benzoyloxy), bis(4-methanesulfonyloxyphenyl)disulfide (R 1 = R 2 = meth- 
anesulfonyloxy), bis (4-benzenesulfonyloxyphenyl) disulfide (R 1 = R 2 = benzenesulfonyloxy), bis(4-methoxycarbony- 
loxyphenyl)-disulfide (R 1 = R 2 = methoxycarbonyloxy), bis{4-phenoxycarbonyloxypheny!)disulfide (R 1 = R 2 = phenox- 
ycarbonyloxy), bis(4-fluorophenyl)disulfide (R 1 = R 2 = F), bls(4-chlorophenyl)disulfide (R 1 = R 2 = CI), bis(4-bromophe- 
nyi)-disulfide (R 1 = R 2 = Br), bis(4-iodophenyl)disuffide (R 1 = R 2 = I), bis(4-trifluoromethylphenyl)disulfide (R 1 = R 2 = 
CF 3 ), bis(4-trichloromethylphenyl)disulfide (R 1 = R 2 = CCI 3 ), and bis(4-tribromomethylphenyl)disulf ide (R 1 = R 2 = CBr 3 ). 
[0021] The substituted diphenyldisulfide of the formula (I) provides improved characteristics such as enhanced dis- 
charge capacity retention to a non-aqueous secondary battery when it is incorporated into its non-aqueous electrolytic 
solution. The improvement of the invention is more prominent than the case in which diphenyldisulfide (namely, un- 
substituted diphenyldisuifide) is incorporated into its non-aqueous electrolytic solution. It is considered that the sub- 
stituent which contains an atom having an unshared electron pair such as oxygen or halogen supplies electrons from 
the atom having an unshared electron pair to the positive electrode of the battery when it is charged, whereby smooth 
oxidative reaction undergoes. 

[0022] Moreover, the substituted diphenyldisulfide of the aforementioned formula (I) is superior in its solubility in an 
electrolytic solution to the unsubstituted diphenyldisulfide. 

[0023] The amount of the diphenyldisulfide derivative of the formula (I) can be in the range of 0.001 to 5 weight % 
based on the amount of the non-aqueous electrolytic solution. However, it is generally preferred to incorporate the 
diphenyldisulfide derivative in an amount of 0.001 to 1 weight %, more preferably 0.01 to 0.7 weight %, most preferably 
0,03 to 0.5 weight %, based on the amount of the non-aqueous electrolytic solution, so that the discharge capacity 
retention is further enhanced. 

[0024] It has been further discovered by the inventors that the discharge capacity retention of a non-aqueous elec- 
trolytic solution is further enhanced by incorporating into the solution one or more of specific additive compounds such 
as methyl 2-propylcarbonate, 2-propynyl methanesulfonate, 1 ,3-propanesuftone, divinylsulfone, and 1 ,4-butanediol 
dimethanesulfonate, in combination with a substituted diphenyldisulfide derivative of the formula (I). The enhancement 
of the discharge capacity retention by the use of the combination of the specific additive compound and a diphenyld- 
isulfide derivative of the formula (I) is particularly effective when a non-aqueous secondary battery is employed under 
very severe conditions such as that the charge-discharge procedure to reach a work voltage higher than 4.2 V, for 
instance 4.25 V or 4.3 V, is repeated at a high temperature such as 40°C or higher (e.g., 40 to 60°C) for a long period 
of time. The cut-off' voltage can be set to 2.0 V or higher, or 2.5 V or higher. The non-aqueous secondary battery 
employing the above-mentioned additive combination can be employed with a continuous current discharge under 0.1 
to 3C, in a wide temperature range such as from -40°C to 100°C. 

[0025] The addition of the above-mentioned additive compounds into a non-aqueous electrolytic solution per se has 
been already known. However, it has been not known that the combination of the additive compound with a diphenyld- 
isulfide derivative of the formula (I) is effective to prominently enhance the discharge capacity retention of a non- 
aqueous electrolytic solution in a non-aqueous secondary battery. 

[0026] Sri the combination, the additive compound is preferably employed in an amount of 0.01 to 1 0 weight %, more 
preferably 0.05 to 5 weight %, most preferably 0.1 to 4 weight %, based on the amount of the electrolytic solution. 
[0027] It has been furthermore discovered by the inventors that the incorporation of cyciohexylbenzene in combina- 
tion with a diphenyldisulfide derivative of the formula (I) into a non-aqueous electrolytic solution is effective to keep a 
non-aqueous secondary battery using the electrolytic solution from excessive heat generation caused by over-charge 
afterthe repeated charge-discharge procedure for a long period of time, such as 300 cycle charge-discharge procedure, 
[0028] In the combination, the cyciohexylbenzene is preferably employed in an amount of 0.1 to 5 weight %, more 
preferably 0,5 to 3 weight %, based on the amount of the electrolytic solution. 
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[0029] It is preferred that the additive composition comprises a diphenyldisulfide derivative of the formula (I), the 
aforementioned additive compound, and cyciohexylbenzene, because such combination is effective to enhance the 
charge discharge retention characteristics under severe conditions of a non-aqueous secondary battery and further to 
provide to the battery increased resistance to excessive heat generation which is possibly caused when it is over- 
s charged after a repeated charge-discharge procedure of a iong period of time. 

[0030] There are no specific limitations wilh respect to the non-aqueous solvent for the preparation of the electrolytic 
solution. The non-aqueous solvent is generally selected from known non-aqueous solvents for the preparation of non- 
aqueous electrolytic solutions. 

[0031] Examples of the non-aqueous solvents include ethylene carbonate (EC), propylene carbonate (PC), butylene 
10 carbonate (BC), vinylene carbonate (VC), dimethyl carbonate (DMC), methyl ethy! carbonate (MEC) , methyl isopropyl 
carbonate (MiPC), methyl isobutyi carbonate (MiBC), diethyl carbonate (DEC), diisopropyl carbonate, diisobutyi car- 
bonatetetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, 1, 2-dimethoxyethane, 1 ,2-diethoxyethane, 1 ,2-dibutox- 
yethane, y-butyrolactone, acetonitrile, methyl propionate, and dimethylformamide. The non-aqueous solvents can be 
employed singly or in combination. 
is [0032] The non-aqueous solvents preferably are a mixture of a cyclic carbonate and a linear chain carbonate and a 
mixture of a cyclic carbonate and a lactone. 

[0033] Examples of the electrolytes to be incorporated into the non-aqueous solvent include LiPF 6 , LiBF 4 , LiAsF e , 
LiCI0 4 , LiN(S0 2 CF 3 ) 2 , LiN(S0 2 C 2 F 5 ) 2 , LiC(S0 2 CF 3 ) 3 , LiPF 4 (CF 3 ) 2 , LiPF 3 (CF 3 ) 3 , UPF 3 (C 2 F S ) 3 , LiPF s (iso-C 3 F 7 ), and 
UPF 4 {iso-C 3 F 7 ) 2 . The electrolytes can be employed singly or in combination. Generally, the electrolyte can be incor- 
20 porated into the non-aqueous solvent in such an amount to give an electrolytic solution of 0.1 M to 3 M, preferably 0.5 
M to 1 .5 M. 

[0034] The non-aqueous secondary battery of the invention comprises a positive electrode and a negative electrode 
in addition to the non-aqueous electrolytic solution containing the substituted diphenyldisulfide derivative of the formula 
(I) and, optionally one or more additive compounds. 
25 [0035] The positive electrode generally comprises a positive electrode active material and an electro-conductive 
binder composition. 

[0036] The positive electrode active material preferably is a complex metal oxide containing one metal element se- 
lected from the group consisting of cobalt, manganese, nickel, chromium, iron, and vanadium and a lithium element. 
Examples of the complex metal oxides include UCo0 2 , LiMn 2 0 4 , LiNi0 2 , and LiCO^^Ni^Oa (0.01 <x<1), 

30 [0037] The electro-conductive binder composition can be produced by a mixture of an electro-conductive material 
such as acetylene black or carbon black, a binder such as poty(tetrafluoroethylene) (PTFE), poly(vinyiidene fluoride) 
(PVDF), styrene-butadiene copolymer (SBR), acrylonitrile-butadiene copolymer (NBR) or carboxymethylcellulose 
(CMC), and a solvent. For the preparation of a positive electrode, the mixture is coated on a metal plate such as 
aluminum foil or stainless plate, dried, and pressed for molding. The molded product is then heated In vacuo at a 

35 temperature of approx. 50 to 250°C for approx. 2 hours, to give the desired positive electrode. 

[0038] The negative electrode comprises a negative electrode active material such as a lithium metal, a lithium alloy, 
carbonaceous material having a graphite-type crystalline structure which can absorb and release lithium ion, or a 
complex tin oxide. Examples of the carbonaceous materials include thermally decomposed carbonaceous materials, 
cokes, graphites (e.g., artificial graphite and natural graphite), fired organic polymer materials, and carbon fibers. Pre- 

40 ferred are carbonaceous materials having a graphite-type crystalline structure in which the lattice distance of lattice 
surface (002), namely, d 002 , is in the range of 3.35 to 3.40 angstrom. The negative electrode active material in the 
powdery form such as carbonaceous powder is preferably used in combination with a binder such as ethylene propylene 
diene terpolymer (EPDM), poiytetrafluoroethylene (PTFE), poly(vinylidene fluoride) (PVDF), styrene-butadiene copol- 
ymer (SBR), acrylonitrile-butadiene copolymer (NBR) or carboxymethylcellulose (CMC). 

45 [0039] . There are no specific limitations with respect to the structure of the non-aqueous secondary battery of the 
invention. For instance, the non-aqueous secondary battery can be a battery of coin type comprising a positive elec- 
trode, a negative electrode, and single or plural separators, or a cylindrical or prismatic battery comprising a positive 
electrode, a negative electrode, and a separator roll. A polymer battery also can be prepared. The separator can be a 
known microporous polyolefin film, woven fabric, or non-woven fabric. 

so [0040] The present invention is further described by the following non-limiting examples. 

[Example 1] 

1) Preparation of non-aqueous electrolytic solution 

55 

[0041 ] in a non-aqueous mixture of ethylene carbonate and methyl ethyl carbonate [EC:MEC=3:7, volume ratio] was 
dissolved LiPF 6 to give a non-aqueous electrolytic solution of 1 M concentration. To the electrolytic solution were added 
bis(4-methoxyphenyl)d!su!fide and divinylsulfone in amounts of 0.2 wt.% and 0.5 wt.% {based on the amount of the 
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electrolytic solution), respectively. 

2) Preparation of lithium secondary battery and measurement of its battery characteristics 

s [0042] LiCoO £ (positive electrode active material, 90 wt.%), acetylene black (electro-conductive material, 5 wt.%), 
and poly(vinylidene fluoride) (binder, 5 wt.%) were mixed. To the resulting mixture was further added 1 -methyl-2-pyr- 
rolidone (solvent). Thus produced positive electrode mixture was coated on aluminum foil, dried, molded under pres- 
sure, and heated to give a positive electrode, 

[0043] Artificial graphite (negative electrode active material, 95 wt.%) and poly(vinylidene fluoride) (binder, 5 wt.%) 
io were mixed. To the resulting mixture was further added 1-methyl-2-pyrrolidone (solvent). Thus produced negative 
electrode mixture was coated on copper foil, dried, molded under pressure, and heated to give a negative electrode. 
[0044] The positive and negative electrodes, a microporous polypropylene film separator, and the non-aqueous elec- 
trolytic solution were combined to give a cylinder-type battery (diameter: 18 mm, thickness: 65 mm). 
[0045] The cylinder-type battery was charged at an elevated temperature (45°C) with a constant electric current 
J5 (1 ,45 A, 1 C) to reach 4.3 V and then the charging was continued under a constant voltage of 4.3 V. In total, the charging 
was performed for 3 hours. Subsequently, the battery was discharged to give a constant electric current (1 .45 A, 1C). 
The discharge was continued to give a terminal voltage of 2.75 V. The charge-discharge cycle was repeated 300 times. 
[0046] The initial discharge capacity was 1 .04 times as much as that measured in a battery using an EC/MEC (3/7) 
solvent mixture (containing no diphenyldisulfide derivative) [see Comparison Example 1]. 
so [0047] After the 300 cycle charge-discharge procedure, the discharge capacity was 83.5% of the initial discharge 
capacity/Thus, high temperature characteristics were satisfactory. 
[0048] ' The preparation and evaluation of the battery are summarized in Table 1 . 

[Comparison example 1 ] 

35 

[0049] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 were repeated except 
for using no diphenyldisulfide. Thus prepared non-aqueous electrolytic solution was employed for the manufacture of 
battery of cylinder-type in the same manner as in Example 1 . 
[0050] The preparation and evaluation of the battery are summarized in Table 1 . 

30 

[Comparison examples 2 to 5] 

[0051] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 were repeated except 
for replacing the divinylsulfone with other additive compound (set forth in Table 1 ) and using no diphenyldisulfide. Thus 
35 prepared non-aqueous electrolytic solution was employed for the manufacture of battery of cylinder-type in the same 
manner as in Example 1 . 

[0052] The preparation and evaluation of the battery are summarized in Table 1 . 
[Examples 2 to 4] 

40 

[0053] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 were repeated except 
for replacing the bis(4-methoxyphenyl)disulfide with other substituted diphenyldisulfide (set forth in Table 1 ) and using 
no divinylsulfone. Thus prepared non-aqueous electrolytic solution was employed for the manufacture of battery of 
cylinder-type in the same manner as in Example 1 . 
45 [0054] The preparation and evaluation of the battery are summarized in Table 1 . 



Tabtel 



Example 


Disulfide derivative 


Other additive 


Initial discharge 


Discharge capacity 




(wt.%) 


compound (wt.%) 


capacity 


retention (300 cycles; 


Ex.1 


Bis(4-methoxyphenyl) 


Divinylsulfone (0.5) 


1.04 


83.5% 




disulfide (0.2) 








Com.1 


None 


Divinylsulfone (0.5) 


1.00 


767% 


Com. 2 


None 


1 ,3-Propartesultone (2) 


1.00 


77.2% 


Com. 3 


None 


1 ,3-Butanedio! 


1.00 


75.3% 






dimethanesulfonate (1) 
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Table 1 (continued) 



Example 


Disulfide derivative 


Other additive 


Initial discharge 


Discharge capacity 




(wt.%) 


compound (wt.%) 


capacity 


retention (300 cycles) 


Com. 4 


None 


Methyi 2-propynyl 


1.00 


74.8% 






carbonate (2) 






Com. 5 


None 


2-Propynyl 


1.00 


75.5% 






methanesulfonate (2) 






Ex.2 


Bis(4-methoxypheny!) 


None 


1.02 


78.6% 




disulfide (0.2) 








Ex.3 


Bis(4-ethoxyphenyi) 


None 


1.01 


78.1% 




disulfide (0.2) 








Ex.4 


Bis(4-chlorophenyl) 


None 


1.00 


77.6% 




disulfide (0.2) 








Remark: The initial discharge capacity was a relative value based on that measured in Comparison Example 1 . 



[Examples 5 to 10) 



[0055] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 were repeated except 
for replacing the bis(4-methoxypheny!)disulfide with other substituted diphenyidisulfide and/or replacing the divinylsul- 
fone with other additive compound (set forth in Table 2). Further a non-aqueous mixture of ethylene carbonate and 
diethyl carbonate [EC:DEC=3:7, volume ratio} was employed Thus prepared non-aqueous electrolytic solution was 
employed for the manufacture of battery of cylinder-type in the same manner as in Example' 1 . 
[0056] The preparation and evaluation of the battery are summarized in Table 2. 



Table 2 



Example 


Disulfide derivative 


Other additive 


Initial discharge 


Discharge capacity 




(wt.%) 


compound (wt.%) 


capacity 


retention (300 cycles) 


Ex.5 


Bis(4-ethoxyphenyt) 


Divinylsulfone (0.5) 


1.04 


83.1% 




disulfide (0.2) 








Ex.6 ' 


8is(4-chlorophenyl) 


Divinylsulfone (0.5) 


1.03 


82.8% 




disulfide (0.2) 








Ex.7 


Bis(4-methoxyphenyl) 


1 ,3-Propanesiiltone (2) 


1.04 


83.7% 




disulfide (0.2) 








Ex.8 


Bts(4-methoxyphenyl) 


1 ,4-Butanediol 


1.04 


83.2% 




disulfide (0.2) 


dimethanesulfonate (1 ) 






Ex.9 


Bis(4-methoxyphenyl) 


Methyl 2-propynyl 


1.04 


82.5% 




disulfide (0.2) 


carbonate (2) 






Ex.10 


Bis(4-methoxyphenyl) 


2-Propynyl 


1.04 


83.3% 




disulfide (0.2) 


methanesulfonate (2) 






Remark: The initial discharge capacity was a relative value 


based on that measured in 


Comparison Example 1 . 



[Example 11] 



[0057] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 were repeated except 
for replacing the artificial graphite with natural graphite and employing a non-aqueous mixture of ethylene carbonate, 
methyf ethyl carbonate and diethyl carbonate [EC:MEC:DEC=3:5:2, volume ratio]. Thus prepared non-aqueous elec- 
trolytic solution was employed for the manufacture of battery of cylinder-type in the same manner as in Example 1 . 
[0058] The initial discharge capacity (relative value) was 1.04, and the discharge capacity after the 300 charge- 
discharge procedure was 83.7% of the initial discharge capacity. 

[Example 12] 



[0059] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 were repeated except 
for replacing the LiCo0 2 (positive electrode active material) with LiNi,, 8 Co 0 2 0 2 and employing a non-aqueous mixture 



EP 1 199 766 A2 



of ethylene carbonate, methyl ethyl carbonate and diethyl carbonate [EC:MEC:D£C=3:5:2, volume ratio]. Thus pre- 
pared non-aqueous electrolytic solution was employed for the manufacture of battery of cylinder-type in the same 
manner as in Example 1 . 

[0060} The initial discharge capacity (relative value) was 1.19, and the discharge capacity after the 300 charge- 
discharge procedure was 81 .3% of the initial discharge capacity. 

[Example 13] 

[0061] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 were repeated except 
for replacing the LiCoO a (positive electrode active material) with LiMn 2 0 4 , replacing 0.5 wt.% of divinylsulfone with 2 
wt.% of 1 ,3-propanesuitone, and employing a non-aqueous mixture of ethylene carbonate, methyl ethyl carbonate and 
diethyl carbonate [EC:M EC:DEC=3:5:2, volume ratiol. Thus prepared non-aqueous electrolytic solution was employed 
for the manufacture of battery of cylinder-type in the same manner as in Example 1 , 

[0062] The initial discharge capacity (relative value) was 0.85, and the discharge capacity after the 300 charge- 
discharge procedure was 82.3% of the initial discharge capacity. 

[Comparison Example 6] 

[0063] The procedures forthe preparation of non-aqueous electrolytic solution of Example 12 were repeated except 
for empioying no diphenyldisulfide derivative. Thus prepared non-aqueous electrolytic solution was employed for the 
manufacture of battery of cylinder-type in the same manner as in Example 1 . 

[0064] The initial discharge capacity (relative value) was 1.16, and the discharge capacity after the 300 charge- 
discharge procedure was 75.5% of the initial discharge capacity. 

[Comparison Example 7] 

[0065] The procedures forthe preparation of non-aqueous electrolytic solution of Example 13 were repeated except 
for employing no diphenyldisulfide derivative. Thus prepared non-aqueous electrolytic solution was employed forthe 
manufacture of battery of cylinder-type in the same manner as in Example 1 . 

[0066] The initial discharge capacity (relative value) was 0.85, and the discharge capacity after the 300 charge- 
discharge procedure was 76.7% of the initial discharge capacity. 

[Example 14] 

1) Preparation of non-aqueous electrolytic solution 

[0067] In a non-aqueous mixture of ethylene carbonate, propylene carbonate and diethyl carbonate [EC:PC:DEC= 
30:5:65, volume ratio] was dissolved LiPF 6 to give a non-aqueous electrolytic solution of 1 M concentration. To the 
electrolytic solution were added bis(4-methoxyphenyl)disulfide and cyclohexylbenzene in amounts of 0.2 wt.% and 3 
wt.% (based on the amount of the electrolytic solution), respectively. 

2) Preparation of lithium secondary battery and measurement of its battery characteristics 

[0068] LtCoQ 2 (positive electrode active material, 90 wt.%), acetylene black (electro-conductive material, 5 wt.%), 
and poiy(vinylidene fluoride) (binder, 5 wt.%) were mixed. To the resulting mixture was further added 1 -methyl-2-pyr- 
rolidone (solvent). Thus produced positive electrode mixture was coated on aluminum foil, dried, molded under pres- 
sure, and heated to give a positive electrode. 

[0069] Artificial graphite (negative electrode active material, 95 wt.%) and poly(vinyiidene fluoride) (binder, 5 wt.%) 
were mixed. To the resulting mixture was further added 1-methyl-2-pyrrolidone (solvent). Thus produced negative 
electrode mixture was coated on copper foil, dried/molded under pressure, and heated to give a negative electrode. 
[0070] The positive and negative electrodes, a microporous polypropylene film separator, and the non-aqueous elec- 
trolytic solution were combined to give a cylinder-type battery (diameter: 18 mm, thickness: 65 mm). To the battery 
were attached a pressure relief valve and an internal current cut-out device. 

[0071] The cylinder-type battery was charged at an elevated temperature (45°C) with a constant electric current 
(1 .45 A, 1C) to reach 4.25 V and then the charging was continued under a constant voltage of 4.25 V. In total, the 
charging was performed for3 hours. Subsequently, the battery was discharged to give a constant electric current (1 .45 
A, 1C). The discharge was continued to give a termina) voltage of 2.7 V. The charge-discharge cycle was repeated 
300 times. 
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[0072] The initial discharge capacity was equal to that measured in a battery using the EC/PC/DEC= 30/5/65 solvent 
mixture (containing no substituted diphenyldisulfide derivative) [see Comparison Example 8], 
[0073] After the 300 cycle charge-discharge procedure, the discharge capacity was 84.3% of the initial discharge 
capacity. Thus, high temperature characteristics were satisfactory. 

[0074] The cylinder-type battery having been subjected to the 300 cycle charge-discharge procedure was then sub- 
jected to an over-charge test under the condition thai the battery was fully charged and then continuously charged at 
an ambient temperature (20°C) with a constant electric current (2.9 A, 2C) until the internal current cut-oui device 
operated. 

[0075] The over-charging current was cut out at 16 min. The highest temperature on the battery surface measured 
after the current was cut-out was 79°C. 

[Example 15] 

[0076] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 4 were repeated except 
for replacing 0.2 wt.% of the bis(4-methoxyphenyl)disulf ide with 0.3 wt.% of bis(4-ethoxyphenyl)disulfide and changing 
the amount of eyclohexySbenzene from 3 wt.% to 2 wt.%. Thus prepared non-aqueous electrolytic solution was em- 
ployed for the manufacture of battery of cylinder-type in the same manner as in Example 14. 
[0077] The evaluation of the battery showed the following values; 

Discharge capacity retention after 300 cycle charge-discharge procedure: 84.1% 
Time of over-charging cut-out: 17 min. 
Highest temperature after current cut-out: 84°C. 

[Example 16} 

[0078] The procedures forthe preparation of non-aqueous electrolytic solution of Example 14 were repeated except 
for replacing the bis{4-methoxyphenyl)disutf ide with bis(4-chlorophenyl)disulf ide and changing the amount of cyclohex- 
yibenzene from 3 wt.% to 2 wt.%. Thus prepared non-aqueous electrolytic soiution was employed for the manufacture 
of battery of cylinder-type in the same manner as in Example 14. 
[0079] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 83.4% 
Time of over-charging cut-out: 17 min. 
Highest temperature after current cut-out: 84°C. 

[Comparison Example 8] 

[0080] The procedures forthe preparation of non-aqueous electrolytic solution of Example 1 4 were repeated except 
for using neither bis(4-methoxyphenyl)disulfide nor cyclohexylbenzene. Thus prepared non-aqueous electrolytic solu- 
tion was employed forthe manufacture of battery of cylinder-type in the same manner as in Example 14. 
[0081] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 77.2% 
Time of over-charging cut-out: 28 min. 

Highest temperature after current cut-out: Generation of heat did not cease. 
[Example 1 7] 

[0082] The procedures forthe preparation of non-aqueous electrolytic solution of Example 1 4 were repeated except 
for using no cyclohexylbenzene. Thus prepared non-aqueous electrolytic solution was employed for the manufacture 
of battery of cylinder-type in the same manner as in Example 14. 
[0083] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 81 .8% 
Time of over-charging cut-out: 28 min . 

Highest temperature after current cut-out: Generation of heat did not cease. 
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[Comparison Example S] 

[0084] The procedures forthe preparation of non-aqueous electrolytic solution o'< Example 14 were repeated except 
for using no bis(4-metfioxyphenyl)disuifide. Thus prepared non-aqueous electrolytic solution was employed for the 
manufacture of battery of cylinder-type in the same manner as in Example 14. 
[0085] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 77.1% 
Time of over-charging cut-out: 17 min. 
Highest temperature after current put-out: 85°C. 

[Example 18] 

[0086] The procedures for the preparation of non-aqueous electrolytic solution of Example 14 were repeated except 
for replacing the artificial graphite with natural graphite. Thus prepared non-aqueous electrolytic solution was employed 
for the manufacture of battery of cylinder-type in the same manner as in Example 14. 
[0087] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 84.2% 
Time of over-charging cut-out: 1 6 min . 
Highest temperature after current cut-out: 79°C. 

[Example 19] 

[0088] The procedures for the preparation of non-aqueous electrolytic solution of Example 14 were repeated except 
for replacing LiCo0 2 (positive electrode active material) with LiNi 0 8 Co 0 2 0 2 . Thus prepared non-aqueous electrolytic 
solution was employed for the manufacture of battery of cylinder-type in the same manner as in Example 14. 
[0089] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 83.3% 
Time ol over-charging cut-out: 18 min. 
Highest temperature after current cut-out: B5°C. 

[Comparison Example 10] 

[0090] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 4 were repeated except 
for replacing LiCoO a (positive electrode active materia!) with LiNi oe Co 0 2 0 2 and using no bis(4-methoxyphenyl)di- 
sulfide. Thus prepared non-aqueous electrolytic solution was employed for the manufacture of battery of cylinder-type 
in the same manner as in Example 14. 

[0091] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 75.3% 
Time of over-charging cut-out: 18 min. 
Highest temperature after current cut-out: 85°C. 

[Example 20] 

[0092] The procedures for the preparation of non-aqueous electrolytic solution of Example 1 4 were repeated except 
for replacing LiCo0 2 (positive electrode active material) with UNi 08 Co 02 O 2 ana using no cyclohexylbenzene. Thus 
prepared non-aqueous electrolytic solution was employed for the manufacture of battery of cylinder-type in the same 
manner as in Example 14.. 

[0093] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 77.6% 
Time of over-charging cut-out: 28 min. 

Highest temperature after current cut-out: Generation of heat did not cease. 
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[Example 21 ] 



[0094J The procedures forthe preparation of non-aqueous electrolytic solution of Example 1 4 were repeated except 
for using a non-aqueous mixture of ethylene carbonate, propylene carbonate, vinylene carbonate and diethyl carbonate 
[EC:PC;VC:DEG= 25:8:2:65, volume ratio]. Thus prepared non-aqueous electrolytic solution was employed for the 
manufacture of battery of cylinder-type in the same manner as in Example 14. 
[0095] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 83.7% 

Time of over-charging cut-out: 17 min. 

Highest temperature after current cut-out: 85°C. 

[Examples 22 to 27] 

[0096] . The procedures forthe preparation of non-aqueous electrolytic solution of Example 21 were repeated except 
for further adding to the electrolytic solution, 0.5 wt.% of divinylsulfone (Example 22), 1 wt.% of 2-propynyl methanesul- 
fonate {Example 23), 2 wt.% of methyi 2-propynylcarbonate (Example 24), 2 wt.% of 2-butyne-1 ,4-diol dimethylcar- 
bonate (Example 25), 3 wt.% of 1 ,3-propanesuitone (Example 26), or 4 wt.% of 1 ,4-butanediol dimethanesulfonate 
(Example 27). 

[0097] Thus prepared non-aqueous electrolytic solution was employed for the manufacture of battery of cylinder- 
type in the same manner as in Example 14. 
[0098] The evaluation of the battery showed the following values: 

Discharge capacity retention after 300 cycle charge-discharge procedure: 84.5% (Ex. 22), 84.4 (Ex. 23), 84.0 (Ex. 
24), 83.9% (Ex. 25), 84.8% (Ex. 26), 84.3 (Ex. 27) 
Time of over-charging cut-out: 17 min. (all Examples) 
Highest temperature after current cut-out: 85°C (all 



1. A non-aqueous secondary battery which comprises a positive electrode, a negative electrode, a separator, and 
an electrolytic solution which contains a substituted diphenyldisulfide derivative having the formula: 



wherein each of R 1 and R 2 independently represents an alkoxy group having 1 to 6 carbon atoms, an alkenyloxy 
group having 2 to 6 carbon atoms, an alkynyloxy group having 2 to 6 carbon atoms, a cycloalkyloxy having 3 to 6 
carbon atoms, an aryloxy group having 6 to 12 carbon atoms, an acyloxy group having 2 to 7 carbon atoms, an 
alkanesulfonyloxy group having 1 to 7 carbon atoms, an arylsulfonyloxy group having 6 to 10 carbon atoms, an 
alkoxycarbonyloxy group having 2 to 7 carbon atoms, an aryloxycarbonyloxy group having 7 to 13 carbon atoms, 
a halogen atom, CF 3 , CCl 3 , or CBr 3 , 

in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution. 
2. The non-aqueous secondary battery of claim 1 , in which each of R 1 and R 2 is an alkoxy group having 1 to 6 carbon 



3. The non-aqueous secondary battery of claim 1 , wherein the substituted diphenyldisulfide derivative is contained 
in the non-aqueous electrolytic solution in an amount of 0.01 to 0.7 weight % based on the amount of the electrolytic 
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4. The non-aqueous secondary battery of claim 1 , wherein the positive electrode comprises lithium complex oxide. 

5. The non-aqueous secondary battery of claim 1, wherein the negative electrode comprises natural graphite or 
artificial graphite. 

6. The non-aqueous secondary battery of claim 5, wherein the natural or artificial graphite has a lattice plane of (002) 
having a plane distance in term of in a length of 0.335 to 0.340 nm. 

7. A non-aqueous electrolytic solution containing. a substituted diphenyldisulfide derivative having the following for- 
mula: 



wherein each of R 1 and R 2 independently represents an alkoxy group having 1 to 6 carbon atoms, an alkenyloxy 
group having 2 to 6 carbon atoms, an alkynyloxy group having 2 to 6 carbon atoms, a cycloalkyloxy having 3 to 6 
carbon atoms, an aryloxy group, an acyloxy group having 2 to 7 carbon atoms, an alkanesulfonyloxy group having 

1 to 7 carbon atoms, an arylsulfonyloxy group having 6 to 10 carbon atoms, an alkoxycarbonyloxy group having 

2 to 7 carbon atoms, an aryloxycarbonyloxy group, a halogen atom, CF 3 , CCI 3 , or CBr 3 , in an amount of 0.001 to 
5 weight % based on the amount of the electrolytic solution. . 

8. The non-aqueous electrolytic solution of claim 7, in which each of R 1 and R 2 is an alkoxy group having 1 to 6 
carbon atoms. 

9. The non-aqueous electrolytic solution of claim 7 in which the substituted diphenyldisulfide derivative is bis (4-meth- 
oxyphenyl)disuifide. 

10. The non-aqueous eleclrolylic solution of claim 7, wherein the substituted diphenyldisulfide derivative is contained 
in the non-aqueous electrolytic soiution In an amount of 0.01 to 0.7 weight% based on the amount of the electrolytic 



11. The non-aqueous electrolytic solution of claim 7, which contains LiPF 6 , LiBF 4 , LiCI0 4 , UN(S0 2 CF 3 ) 2 , LiN 
(S0 2 C 2 F s ) 2 , LiC(S0 2 CF 3 ) 3 , LiPF 4 (CF 3 ) 2 , LiPF 3 (CF 3 ) 3 , LiPF 3 (C 2 F 5 ) 3 , LiPF 5 {iso-C 3 F 7 ), or LiPF 4 (iso-C 3 F 7 ) 2 . 

12. The non-aqueous electrolytic solution of claim 7, which contains at least one solvent selected from the group 
consisting of ethylene carbonate, propylene carbonate, butylene carbonate, vinylene carbonate, dimethyl carbon- 
ate, methyl ethyl carbonate, methyl isopropyl carbonate, methyl isobutyl carbonate, diethyl carbonate, diisopropyl 
carbonate, diisobutyl carbonatetetrahydrofuran, 2-methyttetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, 
1 ,2-diethoxyethane, 1 ,2-dibutoxyethane, 7-butyrolactone, acetonitrile, methyl propionate, and dimethylformamjde. 

13. A non-aqueous secondary battery which comprises a positive electrode, a negative electrode, a separator, and 
an electrolytic solution which contains a substituted diphenyldisulfide derivative having the formula: 



wherein. each of R 1 and R 2 independently represents an alkoxy group having 1 to 6 carbon atoms, an alkenyloxy 
group having 2 to 6 carbon atoms, an alkynyioxy group having 2 to 6 carbon atoms, a cycloalkyloxy having 3 to 6 
carbon atoms, an aryloxy group having 6 to 1 2 carbon atoms, an aralkyloxy group having 7 to 1 5 carbon atoms, 
an acyloxy group having 2 to 7 carbon atoms, an alkanesulfonyloxy group having 1 to 7 carbon atoms, an aryisul- 
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fonyloxy group having 6 to 1 0 carbon atoms, an alkoxyearbonyloxy group having 2 to 7 carbon atoms, a halogen 
atom, CF 3 , CCI 3 , or CBr 3 , in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, 
and an additive compound selected from the group consisting of methyl 2~propylcarbonate, 2-propynyl methanesuh 
fonate, 1,3-propanesultone, divinylsulfone, and 1 ,4-butanedtoi dimethanesutfonate, in an amount of 0,01 to 10 
weight % based on the amount of the electrolytic solution. 

14. The non-aqueous secondary battery of claim 13, in which each of R 1 and R 2 is an aikoxy group having 1 to 6 
carbon atoms. 

15. The non-aqueous secondary battery of claim 13, wherein the negative electrode comprises natural graphite or 
artificial graphite. 

16. The non-aqueous secondary battery of claim 15, wherein the natural or artificial graphite has a lattice plane of 
(002) having a plane distance in term of in a length of 0.335 to 0.340 nm. 

17. A non-aqueous electrolytic solution containing a substituted diphenyldisulfide derivative having the following for- 
mula: 




wherein each of R 1 and R 2 independently represents an aikoxy group having 1 to 6 carbon atoms, an alkenyloxy 
group having 2 to 6 carbon atoms, an alkynyloxy group having 2 to 6 carbon atoms, a cycioalkyloxy having 3 to 6 
carbon atoms, an aryloxy group having 6 to 12 carbon atoms, an aralkyloxy group having 7 to 15 carbon atoms, 
an acytoxy group having 2 to 7 carbon atoms, an alkanesulfonyloxy group having 1 to 7 carbon atoms, an arylsul- 
fonyloxy grpup having 6 to 1 0 carbon atoms, an alkoxyearbonyloxy group having 2 to 7 carbon atoms, a halogen 
atom, CF 3 , CCI 3 , or CBr 3 , 

in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, and an additive compound 
selected from the group consisting of methyl 2-propylcarbonate, 2-propynyl methanesulfonate, 1,3-propanesul- 
tone, divlnylsulfone, and 1,4-butanediol dimethanesulfonate, in an amount of 0.01 to 10 weight % based on the 
amount of the electrolytic solution. 

18. The non-aqueous electrolytic solution of claim 17, in which each of R 1 and R 2 is an aikoxy group having 1 to 6 
carbon atoms. 

19. The non-aqueous electrolytic solution of claim 17 in which the substituted diphenyldisulfide derivative is bis 
(4-methoxyphenyl) disulfide. 

20. The non-aqueous electrolytic solution of claim 1 7, wherein the substituted diphenyldisulfide derivative is contained 
in the non-aqueous electrolytic solution in an amount of 0.01 to 0.7 weight % based on the amount of the electrolytic 
solution. 

21 . The. non-aqueous electrolytic solution of claim 1 7, wherein the additive is contained in the non-aqueous electrolytic 
solution in an amount of 0.05 to 5 weight % based on.the amount of the electrolytic solution. 

22. The non-aqueous electrolytic solution of claim 17, which contains LiPF 6 , UBF 4 , LiC!0 4 , LiN(S0 2 CF3) 2 , LiN 
(SO a C 3 F 5 ) 2 , LiC(S0 2 CF 3 ) 3 , UPF + (CF 3 ) 2 , LiPF 3 {CF3) 3 , LiPF 3 (C 2 F 5 ) 3 , LiPF 5 (iso-C 3 F 7 ), or LtPF 4 {iso-C 3 F 7 ) 2 : 

23. The non-aqueous electrolytic solution of claim 17, which contains at least one solvent selected from the group 
consisting of ethylene carbonate, propylene carbonate, butylene carbonate, vinylene carbonate, dimethyl carbon- 
ate, methyl ethyl carbonate, methyl isopropyl carbonate, methyl isobutyl carbonate, diethyl carbonate, diisopropyl 
carbonate, diisobutyl carbonatetetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, 1 ,2-dimethoxyethane, 
1 ,2-diethoxyethane, 1 ,2-dibutoxyethane, 7-butyroiactone, acetonitrile, methyl propionate, and dimethylformamide. 
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24. A non-aqueous secondary battery which comprises a positive electrode, a negative electrode, a separator, and 
an electrolytic solution which contains a substituted diphenyldisulfide derivative having the formula: 



wherein each of R1 and R 2 independently represents an alkoxy group having 1 to 6 cartoon atoms, an alkenyloxy 
group having 2 to 6 carbon atoms, an alkynyloxy group having 2 to 6 carbon atoms, a cycloalkyloxy having 3 to 6 
carbon atoms, an aryloxy group having 6 to 12 carbon atoms, an aralkyloxy group having 7 to 15 carbon atoms, 
an acyloxy group having 2 to 7 carbon atoms, an alkanesulfonyloxy group having 1 to 7 carbon atoms, an arylsul- 
fonyloxy group having 6 to 10 carbon atoms, an alkoxycarbonyloxy group having 2 to 7 carbon atoms, a halogen 
atom, CF 3 , CCI 3 , or CBr 3 , in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, 
and cyclohexylbenzene in an amount of 0.1 to 5 weight % based on the amount of the electrolytic solution. 

25. The non-aqueous secondary battery of claim 24, in which each of R 1 and R 2 is an alkoxy group having 1 to 24 
carbon atoms. 

26. The non-aqueous secondary battery of claim 24, wherein the negative electrode comprises natural graphite or 
artificial graphite. 

27. The non-aqueous secondary battery of claim 26, wherein the natural or artificial graphite has a lattice plane of 
(002) having a plane distance in term of doo 2 in a length of 0.335 to 0.340 nm. 

28. A non-aqueous electrolytic solution containing a substituted diphenyldisulfide derivative having the following for- 
mula: 



wherein each of R 1 and R 2 independently represents an alkoxy group having 1 to 6 carbon atoms, an alkenyloxy 
group having 2 to 6 carbon atoms, an alkynyloxy group having 2 to 6 carbon atoms, a cycloalkyloxy having 3 to 6 
carbon atoms, an aryloxy group having 6 to 12 carbon atoms, an aralkyloxy group having 7 to 15 carbon atoms, 
an acyloxy group having 2 to 7 carbon atoms, an alkanesulfonyloxy group having 1 to 7 carbon atoms, an arylsul- 
fonyloxy group having 6 to 10 carbon atoms, an alkoxycarbonyloxy group having 2 to 7 carbon atoms, a halogen 
atom, CF 3 , CCI 3 , or CBr 3 , in an amount of 0.001 to 5 weight % based on the amount of the electrolytic solution, 
and cyclohexylbenzene in an amount of 0.1 to 5 weight % based on the amount of the electrolytic solution. 

29. The non-aqueous electrolytic solution of claim 28, in which each of R 1 and R 2 is an alkoxy group having 1 to 6 
carbon atoms. 

30. The non-aqueous electrolytic solution of claim 28 in which the substituted diphenyldisulfide derivative is bis(4-meth- 
oxyphenyl)disulfide. 

31 . The non-aqueous electrolytic solution of claim 28, wherein the substituted d: . tanyldisulfsde derivative is contained 
in the non-aqueous electrolytic solution in an amount of 0.01 to 0.7 weight % based on the amount of the electrolytic 



32. The non-aqueous electrolytic solution of claim 28, wherein the cyclohexylbenzene is contained in the non-aqueous 
electrolytic solution in an amount of 0.5 to 3 weight % based on the amount of the electrolytic solution. 
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33. The non-aqueous electrolytic solution of claim 28, which contains LiPF 6 , LtBF 4 , LiCI0 4 , LiN(S0 2 CF g ) 2 , UN 
(SO a C 2 F 5 ) 2 , LiC (S0 2 CF 3 ) 3 , LiPF 4 (CF 3 ) 2 , LiPF 3 (CF3) 3 , LiPF 3 (C 2 F 5 ) 3> LiPF s (iso-C 3 F 7 ), or LiPF 4 (iso-C 3 F 7 ) 2 . 

34. The non-aqueous electrolytic solution of claim 28, which contains at least one solvent selected from the group 
consisting of ethylene carbonate, propylene carbonate, butylene carbonate, vinylene carbonate, dimethyl carbon- 
ate, melhyl ethyl carbonate, methyl isopropyl carbonate, methyi isobutyl carbonate, diethyl carbonate, diisopropyl 
carbonate, dtisobutyl carbonatetetrahydrofuran, 2-melhyltetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, 
1 ,2-diethoxyethane, 1 ,2-dibutoxyethane, y-butyro lactone, acetonitrile, methyl propionate, and dtmethytormamide. 
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